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ABSTRACT 
 
This project discusses the design and installation of a solar powered greenhouse that 
will be used as a teaching model for students of Liberty High School in Paso Robles, California. 
The project will utilize a solar system, a drip irrigation system, a deep water culture 
(hydroponic) system, and an aeroponic system to teach the students about irrigation 
techniques and how to optimize plant growth at their nursery. 
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DISCLAIMER STATEMENT 
 
The university makes it clear that the information forwarding herewith is a project 
resulting from a class assignment and has been graded and accepted only as a fulfillment of a 
course requirement.  Acceptance by the university does not imply technical accuracy or 
reliability.  Any use of the information in the report is made by the user(s) at his or her own risk, 
which may include catastrophic failure of the device or infringement of patent or copyright 
laws.  
Therefore, the recipient and/or user of the information contained in this report agrees 
to indemnify, defend and save harmless the state its offices, agents and employees from any 
and all claims and losses accruing of resulting to any person, firm, or corporation who may be 
injured or damaged as a result of the use of this report.  
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INTRODUCTION 
 
Background 
The objective of this project is to use system integration to create a self-sustained 
greenhouse. System integration allows us to minimize scarce inputs (water, energy, etc.) while 
maximizing agricultural production (crop yield, quality, turnaround time, etc.).  The greenhouse 
will be extremely user friendly, self-sustainable, and semi-automated. It will utilize solar panels, 
rainwater, and greywater reclamation techniques. The greenhouse crops will be using an 
aeroponics system and a deep water culture hydroponic system to minimize water waste and 
to demonstrate precision nutrient application techniques. A closed controlled climate system 
maximizes plant output and quality while minimizing inputs and environmental impact (and 
therefore operational costs). The greenhouse will be set up at Liberty High (Continuation) 
School in Paso Robles where three 150 watt solar systems (complete with inverters and 
batteries) have been donated for project use and $5,000 has been donated by PG&E for project 
development. Additionally, although not part of the greenhouse, Irrigation Design and 
Construction, Inc. will be donating a drip irrigation supplies for a drip system on the property 
around the greenhouse (native plant hedgerows).  
Justification  
The reasons for implementing the greenhouse and irrigation systems are to serve as 
educational tools as well as providing an additional way for Liberty High School’s Greenworks 
nursery program to generate income. Liberty High school is a Title 1 (under-funded, 
understaffed) continuation school. In collaboration with One Cool Earth, Liberty High School 
provides its students with hands-on, sustainability-oriented curriculum and enables its students 
in the workplace by providing practical agricultural and horticultural skills. In 2010, California 
had the fifth highest teen unemployment rate in the nation.  Few vocational training 
opportunities exist for students who prefer not to attend college but will instead pursue a 
skilled trade after graduation. Hopefully Cal Poly’s hands-on approach will appeal to Liberty 
High School students and get them interested in pursuing a higher education.  
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LITERATURE REVIEW 
 
Hydroponics:  There are many advantages to using hydroponics instead of using soil as a 
growth medium. Arguably the biggest advantage is that the climate can be controlled which 
allows growers to produce crops year round. Producing a crop outside of its traditional growing 
season can be very profitable when there is a large demand without a supply. Hydroponic crops 
can be grown where there is no suitable soil or where traditional irrigation methods wouldn’t 
work. Also, using hydroponics drastically reduces labor requirements as there is no longer a 
field to prepare for planting (tilling the soil, mending it with fertilizers, etc). Controlled 
hydroponic environments usually utilize an ozone or sulfur burner to eliminate pest problems, 
and because there is no soil there is no need to pull weeds from the garden.  Hydroponic 
systems also maximize crop output because more can be grown in less space and nutrients are 
precisely applied and monitored.   
 
 
 
Figure 1: Deep Water Culture Hydroponic System Illustration 
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Aeroponics:  Aeroponics is another cultivation method that allows plants to grow 
without the use of soil. Plants in aeroponic systems are typically suspended over a reservoir 
within some type of sealed container and have their roots sprayed with a fine mist or fog of a 
water-nutrient solution. Plants grown in aeroponic systems receive more oxygen which allows 
them to grow slightly faster than plants grown in hydroponic systems. Also, aeroponic systems 
have the least amount of inputs in terms of water, energy requirements, and maintenance.  
Unlike Deep Water Culture hydroponic systems, which suspend the plant over a constantly 
aerated water-nutrient solution, aeroponic systems are turned on and off throughout the day 
which saves water and electricity. 
 
 
 
 
 
Figure 2: Basic 24 Plant Site Aeroponic Culture System 
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Sustainable Small-Scale Nursery Production:  A small scale nursery is defined as having 
fewer than 5 acres of contained plant production (greenhouses) and fewer than 15 acres of 
field production. Sustainable nurseries aim to reduce levels of synthetic fertilizers and 
pesticides, use integrated pest management systems to deal with insects, diseases, and weeds, 
and focus on building the soil to promote healthy plant growth. Container grown crops 
generate about ten times more sales per acre than field crops, making it an ideal choice for 
nurseries with space constraints. It is very difficult to grow crops without considering the crop’s 
marketability, so the kind of customer the nursery will attract (i.e. landscapers, garden centers, 
etc) must be identified and catered to. Sustainable nurseries can reduce fertilizer and pesticide 
runoff by using drip irrigation, conserve soil by using appropriately sized containers, recycle 
plastics/potting materials, and use organic waste to help meet some of the goals of sustainable 
agriculture.   
 
 
 
 
Figure 3: Four Key Components of a Sustainable Nursery 
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Drip Irrigation:  Drip irrigation, aka micro irrigation or trickle irrigation, is defined as a 
slow, precise application of water and nutrients directly to the plants’ root zones in a 
predetermined pattern using a point source. With conventional watering systems, water is lost 
through runoff, evaporation, wind, and missing the plant entirely. Traditional irrigation 
techniques such as using sprinklers or bubblers usually require a few gallons per minute, 
whereas drip irrigation systems only use a few gallons per hour. By placing the drip emitters 
directly at the root zone, water distribution uniformity is greatly increased and the water moves 
deeper into the soil, encouraging deeper root growth.  Watering at the root zone also cuts 
down on water-born pests and fungal diseases and prevents weeds from stealing water, space, 
and nutrients from plants. Investing in low volume irrigation systems such as drip irrigation or 
microsprinklers can greatly reduce water use and operational costs. 
 
 
Figure 4: An illustration depicting a plant being irrigated by a drip system 
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 PROCEDURE & METHODS 
 
1. Obtain funding for project 
a. Enter Bright Ideas competition, a competitive grant program by PG&E 
i. Receive $5,000 grant for the further development of Liberty High 
School’s GreenWorks nursery program. 
b. Obtain three 150w solar panels with inverter and batteries, all donated 
by Mr. Jim Cole 
2. Choose design type for aeroponic system 
a. Identify the cheapest, most sustainable aeroponic system design 
3. Construct aeroponic system 
a. Develop lesson plan to teach students how system works and the 
advantages it offers to traditional growth/irrigation techniques 
4. Choose design type for hydroponics system 
a. Research types of hydroponic systems 
i. Identify the MOST sustainable hydroponic system 
1. Decide on Deep Water Culture system 
5. Construct prototype Deep Water Culture hydroponic system 
a. Contact deli department of local grocery store to obtain recycled 
containers that will be used in DWC system  
b. Develop lesson plan to teach students how the system works 
c. Develop hands-on lesson plan to teach students how to construct 
systems 
i. Have students construct DWC buckets to sell at nursery storefront 
6. Plan out drip irrigation system 
a. Design drip system using IrriCAD 
b. Contact IDC for material procurement 
i. 3000’ of drip line 
ii. 1000 2-GPH emitters 
iii. 15 couplers 
7. Install drip irrigation system 
Teach students about drip irrigation and have them help install system 
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RESULTS 
 
 As a result of the furloughs in the Paso Robles school district, we were unable to 
meet all of the original goals we had planned. We’d anticipated installing a 1200 plant drip 
system, but the students were only able to get around 500 plants in the ground. Although we 
were successful in installing the drip system on the plants that had been put in the ground, we 
didn’t meet our planting goals. The installation process was fairly smooth and was completed in 
a single day with the help of 5 volunteers that One Cool Earth had rounded up. We laid out the 
drip line next to the plants and then proceeded to install the 2-GPH pressure compensating on-
line emitters. The drip line was then hooked up to a pressure gauge that sat between the hose 
and the hose bib so we could easily monitor and adjust the pressure of the drip system.  
 
Figure 5: Drip System Surrounding Nursery 
 The solar system we installed was a fairly straight forward process. First, we 
mounted the solar panels on the roof of the storage shed out in the nursery. We then placed 
the 12v deep cycle batteries, a true sine wave inverter, and the charge controller inside the 
shed and drilled a hole in the roof so we could run the wiring up to the panels. The next week, 
Mr. Jim Cole (the donator of the solar system) came out to help us make sure that everything 
was properly wired before starting the system up. The installation was a success and everything 
worked properly. 
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Figure 6: Solar Panels Mounted on Shed Roof 
 
Figure 7: Solar System Components Secured in Storage Bins 
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The next step of the project involved getting the foundation ready for a greenhouse. We 
dug out a 13’x14’ area about 8” deep and headed to Santa Margarita Quarry where we 
gathered 3 truck-beds worth of recycled concrete that Papich Construction had pulled from a 
job site. We strategically placed the concrete in the area that we’d dug out, fitting the pieces of 
concrete together like a puzzle. A couple of days and a few phone calls later we headed to Farm 
Supply Company in Paso Robles after being told that we could take as much sand as we wanted. 
After a few trips and a lot of physical labor we began to fill in the cracks between the pieces of 
concrete with sand. This process took quite a while but eventually we were left with a nice 
foundation for our greenhouse.  
 
Figure 8: Driving Through Santa Margarita Quarry 
 The biggest problems we encountered over the course of the project were the 
delays in obtaining our donated materials. Initially, we were going to create a relatively 
complex greenhouse out of donated lumber and some expensive polycarbonate panels (also 
donated). However, around the 6th week of the quarter, we learned that the panels were still 
on backorder and that they would not be in stock until the first week of June. Left with no other 
options, I decided to buy my own materials and construct a low cost PVC hoop house so that I 
could meet my senior project requirements. The PVC hoop house was constructed using five 20’ 
pieces of 1” PVC, eight 2’ pieces of rebar, and a roll of polyethylene film that was donated by 
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Mr. Tyler Ridgley.  The construction process only took two hours and we were ready to install 
the aeroponic and deep water culture systems.  
 
Figure 9: Hoop House Fully Constructed 
 The aeroponic system used in the greenhouse was a General Hydroponics 
Aeroflo2 16 plant site system. Unfortunately, the pump that was given to us was not the 
original pump and it we found that it was not powerful enough to generate the amount of 
pressure required by the system. Instead of a fine spray, all the nozzles produced were a weak 
trickle. The GreenWorks program director Bob Bourgault was unable to get the funds needed to 
buy the proper pump from the school, so I brought materials to teach the kids how to construct 
a miniature aeroponic system on their own (My senior project contract only details teaching 
the kids how to construct a deep water culture system, not an aeroponic system).  Using the 
same pump, some PVC, microsprayers, and a Rubbermaid storage bin, I showed the kids how 
simple aeroponic systems really are. 
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Figure 10: Homemade Aeroponic System 
The final phase of my senior project was to teach the students about Deep Water 
Culture (hydroponics). A simple deep water culture bucket constructed from a 5 gallon bucket 
was used to demonstrate how deep water culture systems work. The students then learned to 
make their own using recycled condiment buckets that were donated by a local deli. The 
students were a lot more intrigued by the concept of deep water culture systems because of 
their low maintenance and also because of the costs associated with building them.  One Cool 
Earth is currently looking for a source of air pumps and airstones and plans on having next 
year’s students make deep water culture buckets to sell a the nursery.  
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Figure 11: Deep Water Culture Bucket Demonstration 
  
 
 
Figure 12: Students at the Nursery  
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 RECOMMENDATIONS  
 
While focusing a senior project around a good cause like the GreenWorks nursery 
program can be rewarding, it also can cause a lot of problems. The city of Paso Robles doesn’t 
have a lot of money right now, and as a result they are introducing a lot of furlough days. 
Working with a Title 1 school made coordinating and completing the project a lot more difficult 
than I had originally anticipated. I also had to take on a lot of the expenses for this project 
because the school was unable to compensate me for the gas or the materials I had to buy to 
build the PVC greenhouse. If I were to do my project over again I would try to find a location 
closer to campus (gas is expensive!) and I would allocate some money to the project from the 
get-go instead of relying entirely on donations.    
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APPENDIXES 
 
Appendix A 
 
Project Contract 
C a l i f o r n i a  P o l y t e c h n i c  S t a t e  U n i v e r s i t y  November 2, 2011 
BioResource and Agricultural Engineering Department McBride, Ryan 
ASM Senior Project Contract  005223838  ASM 
Project Title 
The Liberty High Greenhouse  Project – Solar Powered Aeroponics, Hydroponics, and Drip Irrigation 
Background Information 
The objective of my senior project as a whole is system integration to create a self-sustained greenhouse. 
Water and land scarcity is increasing at an alarming rate which creates a real need for a product like this 
proposed greenhouse. System integration allows us to minimize scarce inputs (water, land, energy, 
fertilizers, capital, etc.) while maximizing agricultural production (crop yield, quality, turnaround time, 
etc.).  The greenhouse will be extremely user friendly, self-sustainable, and semi-automated. It will utilize 
solar panels, rainwater, and greywater reclamation techniques. Our greenhouse crops will be using an 
aeroponics system to minimize water waste and to apply precision nutrient applications. A closed 
controlled climate system maximizes crop yield and quality while minimizing inputs and environmental 
impact (and therefore operational costs). The prototype will be set up at Liberty High (Continuation) 
School in Paso Robles where three 150 watt solar systems with inverters and batteries have been 
donated for project use, and $5,000 has been donated by PG&E for project development. Additionally, 
although not part of the greenhouse, Irrigation Design and Construction, Inc. will be donating a drip 
irrigation system that I will be designing for use on the property around the greenhouse. 
 
Statement of Work 
The first stage of my senior project is to coordinate with Greg Ellis of One Cool Earth (non-profit NGO) 
who runs the plant production program at Liberty High. I will be focusing on designing the aeroponic 
system’s power requirements around the solar panels that were donated to us while also taking into 
account the power requirements of the rest of the system (The solar panels will also be used to power 
the drip system we’ll be putting outside of the greenhouse). The second stage will be to finalize the 
design and compile a build of materials list. The third stage will be the construction of the greenhouse, 
and the last stage of the project will involve monitoring plant growth and overall efficiency.   
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How Project Meets Requirements for the ASM Major 
ASM Project Requirements – The ASM senior project must include a problem solving experience that 
incorporates the application of technology and the organizational skills of business and management, 
quantitative, and analytical problem solving.  
Application of agricultural 
technology 
The project will involve the application of electrical systems, mechanical 
systems, irrigation systems, and fabrication technologies. 
 
Application of business 
management skills 
The project will involve business/management skills in the areas of 
machinery management, cost and productivity analyses, and labor 
considerations.  
Construction, testing and 
evaluation 
The aeroponics unit will be designed, constructed, and evaluated. A 
thorough evaluation report will be included so that others will be able to 
recreate my aeroponics unit to create their own. 
Quantitative & analytical 
problem solving 
Quantitative problem solving will include the cost analysis, the build of 
materials, and a product life expectancy.  
Capstone Design Experience – The ASM senior project must incorporate knowledge and skills acquired in 
earlier coursework (Major, Support, and/or GE courses).  
Incorporates 
knowledge/skills from 
earlier coursework 
129 Lab Skills/Safety, BRAE 151 CAD for Agricultural Engineering, BRAE 152 
3-D Solids Modeling, BRAE 203 Agricultural Systems Analysis, BRAE 324 
Principles of Agricultural Electrification, BRAE 340 Irrigation Water 
Management, BRAE 348 Energy for a Sustainable Society, BRAE 425 
Computer Controls for Agriculture, BRAE 418 Agricultural Systems Project 
Management 
ASM Approach – Agricultural Systems Management involves the development of solutions to 
technological, business or management problems associated with agricultural or related industries. A 
systems approach, interdisciplinary experience, and agricultural training in specialized areas are common 
features of this type of problem solving. 
Systems Approach The project involves the integration of existing systems into one product. It 
will be use donated photovoltaic cells to provide power to an aeroponics 
system (that will utilize water recycling and conservation techniques as 
well as precision fertilizer applications).  
Interdisciplinary Features The project touches on aspects of water management and agricultural 
electrification.  
Specialized Agricultural 
Knowledge 
This project applies specialized knowledge in the area of plant available 
radiation requirements and precision application of fertilizers for optimum 
plant growth. 
Sustainability  
The aeroponics unit (and other components of the greenhouse) will utilize 
donated photovoltaic solar panels as a renewable energy source. 
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Manufacturability This particular project will be a one of a kind greenhouse. 
List of Tasks and Time Estimate 
TASK 
Research in library on constructing an aeroponics system 
Consultation with sponsor 
Prepare working design 
Materials procurement 
Fabrication on site 
Testing (planting) 
Modification to design 
Final evaluation  
 
Preparation of written report 
 
 
 
TOTAL   
 
Hours 
20 
2 
30 
20 
80 
12 
6 
30 
_____ 
200 
Financial Responsibility 
Preliminary estimate of project costs: $ 5,000   
Finances approved by (signature of Project Sponsor):    
Final Report Due: June 12, 2012 Number of Copies: 3 
Approval Signatures Date 
 Student:        
 Project Supervisor:        
 Department Head:        
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Appendix C 
 
http://www.nativehaunts.com/organic%20nursery%20production.pdf 
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Appendix E 
For the past year the nonprofit One Cool Earth has assisted Liberty High School with the 
creation of a 1/2 acre plant nursery. The nursery serves as an excellent financial and experiential 
platform for educating at-risk youth about energy, climate change, resource conservation, natural 
building, composting, and other environmental topics. Students gain leadership and 
entrepreneurial skills running the program as a small business: planning, growing, and selling 
nursery plants. A composting bin processes school lunch waste into fertilizer. Multiple field trips 
and guest lecturers are integrated into the program. Ultimately students earn rewards in the form 
of gift cards and scholarships for their efforts, and are encouraged and inspired to pursue higher 
education and careers in fields related to the nursery's curriculum. They also earn social studies, 
science, and physical education credit for their participation.   
 
Uniquely, the nursery receives no funding from the school and, after start-up costs, will pay for 
materials and part-time staff support entirely from income generated by selling plants for 
hedgerows, landscaping, gardens and restoration. 
 
 
GOALS 
+ Add a greenhouse, rainwater catchment, and a small PV solar system to deliver power to the 
nursery, which is off the electrical grid and currently has no power source. 
 
+ Integrate these additions into the program's energy and environmental curriculum. 
 
+ Enhance the environmental and economic sustainability of the program by diminishing resource 
use and increasing financial viability of the nursery. 
 
The solar panels serve as an educational resource and, practically, are vital to power tools, 
music/PA systems for outdoor events and lectures, greenhouse temperature controls and 
irrigation systems.  Solar panels would also increase the potential of the site for holding fund 
raising events to benefit the nursery program. 
 
The greenhouse demonstrates solar thermal energy systems, as well as increasing the growing 
capacity of the nursery, helping the program achieve financial self-sufficiency. 
 
Similarly, the water catchment system would serve as a demonstration in an region threatened by 
water shortages while at the same time providing water for the nursery's operations. 
 
ACTIVITIES 
+ Installation of solar panels, greenhouse and water catchment. 
 
At-risk high school students will be involved in installation and receive basic job training.  Local 
businesses would be invited to help with the installation, connecting students to the community 
and encouraging them to seek apprenticeships, higher education, and careers in related fields. 
 
+ Use of solar panels, greenhouse and water catchment in nursery business and school 
curriculum. 
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The solar panels would allow us to hold fund raising concerts at the site to support the program. 
The greenhouse would augment nursery operations allowing for production and sales of 
vegetables. The GreenWorks class works and learns at the site three days per week for 
approximately 2 hours per day.  The installation of these facilities would greatly enhance the 
relevance of climate change, energy and sustainability related curriculum. 
 
+ Community workshops 
 
The nursery holds four open houses per year, where local experts host workshops related to the 
environment, energy, natural resources, green building, landscaping and gardening. In addition, 
classes from five neighboring schools would be invited to the site for workshops and tours. 
Students would help educate community members, serving as ambassadors for these 
technologies. 
 
EXPANSION 
Partners in the GreenWorks Nursery, including Liberty High School, the Innacee Foundation, and 
One Cool Earth, are working to create a self-sustaining nursery program with sustainability-
focused curriculum that could be transferred to any school.  One Cool Earth has plans of 
facilitating the program to two other schools in the county within the next two years, and up to ten 
schools throughout the state in the next five years.  The program will also be documented and 
made available on One Cool Earth's website to promote its implementation at schools around the 
nation. 
 
The project will be evaluated using several metrics. 
 
1. Students will be given pre- and post- tests to measure changes in knowledge related to energy, 
climate change and sustainability. 
 
2. Income generated through fund raising events and increased nursery sales from greenhouse 
plants will demonstrate financial sustainability of program. 
 
3. The number of students and community members reached through regular classes, visiting 
classes, and community events will measure the social impact of the program. 
 
4. Carbon emissions avoided through the use of solar panels, water use avoided through the use 
of the water catchment system, and thermal energy generated by the greenhouse will be 
measured by students to calculate the environmental impact of the program. 
 
5. Advancement of students into related higher education and career fields will be tracked and 
indicate the efficacy of the educational and vocational components of the program. 
 
6. Student and community member testimonials to the personal impacts of the programs will also 
be recorded to attest to its value. 
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